shows that erythromycin binds at the entrance to the interplay between both subunits. The protein elongation proposed exit tunnel, away from the PT center, sugstep, where a new amino acid is added to the C terminus gesting that the drug blocks the entrance to the tunnel of the growing peptide chain, occurs on the large ribo-( Figure 1A ). Since seven to eight amino acid residues somal subunit, near the interface between the two subare required for a nascent peptide chain to reach the units. It was suggested early on that there is a "tunnel" tunnel from the PT, this explains why there is no inhibipenetrating the large ribosomal subunit through which tion for very short peptides. It also explains why ribothe growing peptide chain could move. A "universal" somes in polysomes are inert to the action of erythromytunnel, that is used to export all proteins from the ribocin, since here the nascent proteins are so large that some, should be able to let through many different types they are already well inside the tunnel and, hence, it is of peptide sequences. However, a number of recent too late for the drug to block their entrance. experiments indicate that some peptide sequences can
peptide chains can leave the ribosome along different is impaired by low SecA activity (Figure 2) . Normally, the translation initiation region for SecA is "hidden" by routes, then how the choice between these exit alternatives is made becomes an interesting question. It is likely a strong RNA secondary structure that prevents initiation of SecA synthesis. However, a ribosome that is that the amino acid sequence in the N terminus of a nascent polypeptide somehow decides which way the stalled by the effector motif in the SecM protein rearranges the mRNA secondary structure, and makes the protein exits the ribosome. Sequence-Specific Effects in the Exit Tunnel translation intiation region of SecA accessible. When, in contrast, there is enough SecA activity in the cell It is often assumed that the exit tunnel is neutral in respect to peptide sequences. However, new data from so that the SecM protein is translocated through the membrane, the effector motif in the SecM cannot cause several systems show that the exit tunnel cannot be sequence neutral. Nascent peptides in prokaryotes and ribosome stalling. Therefore, the secondary structure in the leader of SecA mRNA remains intact and synthesis of eukaryotes contain special sequence motifs, and when these effector sequences are situated in the exit tunnel SecA is prevented. This mechanism creates an efficient intracellular feedback loop for adjusting the supply of of translating ribosomes, they can dramatically affect both protein elongation and peptide termination (Table  SecA proteins . Surprisingly, when these effector motifs are comOne important question addressed by Nakatogawa and Ito concerns the site of action of the effector motifs pared, there is not much sequence similarity between them. In some cases, they contain positively charged in the ribosome. For peptides involved in antibiotic resistance, the effector motifs are believed to act close to residues that could interact with the phosphoribose backbone of the ribosomal RNA that forms part of the the binding sites of their respective drugs: near the PT center in the case of chloramphenicol and at the entunnel walls, but other homologies are difficult to detect. However, several common functional features of the trance to the exit tunnel in the case of erythromycin. Nakatogawa and Ito selected mutations in the ribosomal active nascent peptides can be identified (Table 1) . First, in all known cases, the peptides with effector motifs act machinery that suppress SecM-dependent ribosomal stalling. One such mutation is from A2058 to G alteration in cis and thus only affect the ribosome on which they are synthesized. Second, most effector sequences give in the 23S ribosomal RNA. From the crystal structure of the large subunit, this nucleotide was shown to be rise to ribosomal complexes that are stalled either in the elongation or termination phase of protein synthesis. important for erythromycin binding, and the same substitution also causes erythromycin resistance (SchlunThird, several of the active peptides have a coeffector and the interplay between an effector motif and a coefzen et al., 2001). Other mutations that eliminated or decreased the SecM-dependent ribosomal pausing were fector is key to several intracellular control systems. The coeffector can, for example, be an antibiotic (leading to found in a segment of ribosomal protein L22 that is also located at the entrance to the tunnel. Thus, there are expression of resistance genes), an amino acid (leading to induction of an amino acid degradation operon), or certain peptide sequences that get stuck at the entrance of the exit tunnel and thereby cause stalling of the ria polyamine (leading to repression of polyamine synthesis).
bosome. Nascent Peptides Outside the Ribosome One striking example of a peptide with an effector motif is reported by Nakatogawa and Ito (2002) in the As mentioned, nascent peptides may be able to choose between leaving the ribosome through the exit tunnel current issue of Cell. In front of the ORF for SecA, a protein involved in peptide export in E. coli, there is or by another route, e.g., via the interface between the ribosomal subunits. Interestingly, even if a growing pepanother ORF, encoding SecM, a regulator for SecA expression. SecM contains an export signal in its N termitide has decided to enter the tunnel, several exit possibilities may remain, since the exit tunnel branches at the nus and has an effector motif in its C terminus that can block protein elongation and create a stalled ribosomal backside of the large subunit ( Figure 1A ) (Gabashvili et al., 2001 ). This branching could, in principle, be used by complex. A crucial point here is that ribosome stalling is conditional on SecA deficiency in the cell. It occurs the ribosome to sort the nascent peptides and send them along different routes according to their different only when translocation of SecM through the membrane the exit of the ribosome tunnel, thereby creating a passage from ribosome to membrane, virtually sealed off One cotranslational event, where the role of the na-tide chains have been identified, and very probably more will soon be discovered. The molecular mechanisms by which such effector motifs exert their large repertoire of actions on protein synthesis have now emerged as a rich and fascinating field for future research.
